Background -Green infrastructure is a strategic network of green spaces designed to deliver 2 ecosystem services to human communities. Green infrastructure is a convenient concept for 3 urban policy makers, but the term is used too-generically and with limited understanding of 4 the relative values or benefits of different types of green space and how these complement 5 one another. At a finer scale/more practical level-little consideration is given to the 6 composition of the plant-communities, yet this is what ultimately defines extent of service 7
What is green infrastructure? 3 Green infrastructure (GI) is a term that was coined to provide an antonym to grey additional cases, however, where optimum service provision is difficult to articulate in terms 1 of plant genotypes. This is where the plant scientist can play an important role, both in 2 defining more precisely the benefits of GI and in determining how these are dictated by 3 genotype choice; the level of service delivery being determined by the selection of 4 appropriate plant species, but also within a horticultural context, by cultivar choice within a 5 species. In an urban GI context, plant genotype choice is very much determined historically by 9 aesthetics (private gardens), cultural symbolism (civic squares), ecological suitability and 10 niche opportunities (wasteland or 'brownfield' sites) and functionality in relation to food 11 (allotments, vegetable plots and orchards). We have some notion of what plant genotypes 12 inhabit or could be used to populate these 'spaces' in terms of their suitability for certain 13 environmental conditions and soils types. The issue of plant selection becomes much more 14 difficult however, when GI is designed around wider human needs, for example to: Green Infrastructure and Ecosystem Research has been carried out over the last few years, largely driven by these questions.
1 These research programmes have not only attempted to better quantify the extent to which 2 plants contribute to certain 'urban' ESs (e.g. Tzoulas et al., 2007; Cameron et al., 2012; 3 Gómez-Baggethun and Barton, 2013) but also to begin to identify genotypes that optimise the 4 desired service provision (e.g. Freer-Smith et al., 2005; Blanusa et al., 2013) . However, only 5 a small fraction of the potentially useful genotypes have been studied so far, and further 6 evaluations are required to furnish policy makers with more comprehensive and accurate lists 7 of beneficial plants. The urban environment, however, will become a bland place indeed, if 8 planting is limited to simply a few 'functional' genotypes placed strategically at relevant 9 locations. Information is thus required on how to design entire plant communities where the 10 plants identified:-a/ provide more than a single benefit (multi-functionality) and b/ 11 complement each other in terms of maximising the range of benefits that can be delivered in 12 the one locale. Such concepts are not new in urban horticulture. Plants have been chosen to 13 provide a range of complementary flower colours to appeal to human aesthetics, for example 14 pastel blues harmonising with pale pink in an Edwardian flower border (Bisgrove, 2013) . The 15 difference now is that these plant communities should not only be visually appealing, but also 16 enhance the functionality of the site. A case in point, a city-centre roadside planting may need 17 to be designed in future to: provide nectar and pollen for native invertebrates, act as a filter to 18 remove particulate matter emitted by passing vehicles, provide localised cooling through 19 shading and evapotranspiration, and help relieve psychophysiological stress experienced by 20 pedestrians as they walk along the road, as well as be deemed aesthetically pleasing in its 21 own right. Not only this, but this plant community may need to be resilient enough to tolerate 22 periods of sub-optimal irrigation, high aerial temperatures in summer and the effects of de-23 icing salts applied in winter. To date, little information exists to provide the appropriate plant 24 palette.
Research in this context is not solely focussed on identifying plants for future use. It is 1 also important in understanding the extent to which existing popular cultivars and their ES 2 delivery are vulnerable to abiotic, biotic and even societal change. For example, for a cultivar 3 that is currently dominant in the landscape and which provides a specific positive service, 4 then a change in popularity either to a different species or even just a different clonal form, 5 may alter the delivery of that service. As an illustration, the replacement of golden/light green 6 foliage conifers commonly placed in garden hedges (e.g. × Cuprocyparis leylandii 7 'Castlewellan Gold' or Cupressus macrocarpa 'Goldcrest') with cultivars possessing darker 8 foliage is likely to reduce the albedo of the hedges, and increase the amount of solar energy 9 absorbed in that location/neighbourhood. Even subtle changes in cultivar abundance due to 10 e.g. fashion, might change the service delivery level that a given species confers. For certain services, differences in genotype have been evident over many decades largely 15 through anecdotal observations. The identification of plants specifically to aid wildlife 16 conservation falls into this category. Only since the concept of ESs has become mainstream, 17 however, has the full service potential of urban plants been more widely investigated 18 (Cameron and Hitchmough, 2016) . For a number of these more recently-defined services, 19 evidence is now also beginning to build as to the extent to which plant choice matters. A 20 range of service areas are highlighted below, with evidence of how genotype choice can 21 affect the level of service delivery. 
Urban biodiversity
Plant choice is often determined by a genotype's ability to support certain fauna taxa or 1 guilds. Paradoxically, this does not result in simply recommending native plant species, but 2 potentially also utilising non-native (alien) species to support native fauna; a point that has 3 caused much debate around the relative merits/risks associated with planting non-native 4 species in an urban environment (Shackelford et al., 2013; Standish et al., 2013) . As an 5 example, the Asiatic shrub Buddleia davidii has long been valued by UK gardeners for its 6 ability to provide nectar to native Lepidoptera species (Hardy and Dennis, 2008); being 7 considered more effective in this respect than any native shrub during mid-late summer (a 8 consequence of which the species' common name is 'butterfly bush'). Recent systematic 9 studies support the notion that native is not always best. Helden et al. (2012) et al., 2008; Sogge et al., 2008; Bajema et al., 2009; ) refuge habitat for rare 24 Green Infrastructure and Ecosystem invertebrates (Chiba, 2010) and acting as 'nurse crops' to allow more effective establishment 1 of native vegetation (Lugo, 2004 , Sullivan et al., 2007 .
2
As with Buddleia, many non-native plant species are encouraged because they supply 3 nectar and pollen to pollinating insects, such a bees and hoverflies, although concerns have 4 been raised about how this impacts on pollination rates within native plant species due to 5 increased competition and cross pollination (Bjerkness et al., 2007) . Certain key factors 6 determine the value of non-native plants to native invertebrates, including the ability to 7 access nectar or pollen and the volume of nectar available (Potts et al., 2003; Carvalheiro et 8 al., 2014) . Inter-relationships are often prevalent if the plant is from the same biogeographical 9 region, albeit not the same country (so called 'near natives'), as there may have been some 10 co-evolution in the past with the native insects, or closely-related species. For example in UK 11 gardens, plants native to nearby European countries, North America and northern Asia (i.e. 12 the Holarctic ecozone) may be particularly beneficial to the native insects, as their 13 evolutionary histories have overlap (Goulson et al., 2008; Salisbury et al., 2015) . So Salvia Irrespective of these factors around evolutionary overlap or feeding strategies there 23 can be remarkable differences in flower attractiveness based on cultivated forms even within 24 the same plant species. Garbuzov and Ratnieks (2015) recorded that within aster, Aster novi-belgii the cultivars 'Alice Haslam' and 'Dandy' had 15.2 and 10.1 insects visits m -2 of plant 1 cover respectively, compared to no visits in the morphologically similar cultivars 'Sheena' or 2 'White Wings'. Similar large variations were recorded across cultivars of Lavandula 3 (Garbuzov and Ratnieks, 2014). In essence, either relatively small morphological differences, 4 or more fundamental (but less obvious) physiological differences (e.g. carbohydrate form and 5 concentration in the nectar) are determining whether a genotype is a useful service provider 6 or not. reflecting incoming solar energy back to the atmosphere thereby reducing the potential for 14 short wave irradiance to be converted to long wave infra-red wavelengths (i.e. heat) at ground 15 level. Species vary in their ability to interact with solar irradiance, and hence the capacity to 16 cool their immediate locality. Street and park trees are highly-valued, especially in the 17 tropics, for their ability to cool ground surfaces and the surrounding air, although the extent 18 of cooling is radically altered by the characteristics of the chosen tree ( Fig. 2 (Feyisa et al., 2014) . In warm, arid climates where 3 stomatal conductance (g s ) may be suppressed during the hottest periods of the day as an 4 adaptation to conserve water, shade cooling may be a more critical factor in aiding human 5 thermal comfort (Shashua-Bar et al., 2010; Feyisa et al., 2014) . 6 Even in temperate climates such as the UK, greater attention is being paid to 7 understanding and adopting those tree species that provide greater street cooling.
8
Investigations into the influence of evapotranspirational cooling (Rahman et al., 2015) 9 showed that the more rapid growing species tended to have greatest (g s ) and thus enhanced 10 cooling capacity (Table 1 ). Indeed genotypes that combined high g s with wide canopies and 11 high LAI such as Pyrus calleryana and Crataegus laevigata provided 3 to 4 times more 12 cooling than alternatives such as Sorbus arnoldiana and Prunus 'Umineko'. These latter canopies were superior in their cooling capacities to that of Sedum, due to a combination of higher values for transpiration, LAI and latent heat loss, and lower values for both sensible 1 and soil heat transfer. Indeed, species choice alone could result in 2, 3 and 5 fold differences 2 in latent, sensible and soil heat fluxes, respectively. As with trees, short stature shrubs (e.g. that Hedera was more reliant on shading to provide a cooling influence than Stachys (Fig 3) .
11
When evaluated on a per leaf area basis, these species were out-performed, however, by 12 Fuchsia, Jasminum and Lonicera (Fig 4) .Again, the mechanisms by which the cooling was interception is the objective. Conversely, with species that cool via evapotranspiration then 20 providing a single layer of evenly-spaced leaves may be the priority in an attempt to optimise 21 moisture transfer from the leaves to the surrounding atmosphere. 
Energy conservation
The cooling ability of plants in summer and their ability to insulate buildings in winter not 1 only impact on human thermal comfort, but also energy conservation and economics. Akbari conditioning and improvements in air quality. Using tree belts to protect buildings from cold 5 wind helps entrap warm air around the building fabric and reduces energy loss by conduction 6 and convection of heat from the interior of the building. Models indicated shelter from trees 7 reduced winter energy consumption in Scottish buildings by 17% (Lui and Harris, 2008 ). An 8 empirical study using replicated heated brick cuboids, showed that placing a green façade 9 around the structures reduced mean winter energy use by 38% (and under some severe 10 weather conditions improved savings up to 45%) (Cameron et al., 2015) . Subsequent studies 11 indicated that thicker-leaved Prunus laurocerasus improved air temperature at a wall surface 12 during cold nights, compared to smaller-leaved, less-densely foliated Cotoneaster franchetti. 13 Yet the latter species was overall the more beneficial as it enhanced the temperature within 14 the wall cavity, due to it allowing more solar heat gain onto the wall during the daylight hours 15 than the Prunus, whilst also conferring some insulation effect at night ( Fig. 5 ). Selection and age of park/street trees affect the ability to capture rainfall and store it on 21 leaves, stems and bark (Xiao and McPherson, 2002) . Due to its greater canopy and leaf size 22 and more extensive branch structure Platanus x hispanica retains a greater volume of 23 rainwater than e.g. Liquidamber styraciflua (Fig. 6 ). 'Fine-textured' canopies, as promoted 24 by the numerous needles in evergreen conifer species e.g. Pinus strobus are very effective at holding moisture within the tree canopy too. Similarly, species possessing rough bark with 1 many grooves and fissures (e.g. Quercus rubra) hold more water than equivalent smooth-2 barked species (e.g. Betula lenta). For a 300 mm diameter tree, normative bark water storage 3 capacities ranged from approximately 100 l for B. lenta to 250 l for Q. rubra (Levia and 4 Herwitz, 2005).
5
For green roofs, storm water management too is influenced by plant selection 6 (Lundholm et al., 2010; Schroll et al., 2011) . Nagase and Dunnett, (2012) indicated water 7 retention was improved by using grasses and forbs rather than succulents, largely due to 8 structural differences As much of the water retained on a green roof is held within the pore 9 structure of the substrate (VanWoert et al., 2005) , however, the ability to remove this existing 10 water via evapotranspiration (i.e. re-charge the storage capacity) before the next storm event 11 is also critical. The beneficial services provided by certain plants are acknowledged within parts of the land 5 remediation sector. Tolerance to heavy metal elements and thus the ability to phytoremediate 6 contaminated soils varies markedly within tree genera such as Salix (Punshon and Dickinson, 7 1999); tolerance in this genus being clone-or hybrid-specific, rather than species-specific. 8 This is due to either different selection pressures based on population provenance or active 9 breeding between tolerant genotypes.
10
Leaf structure affects the extent by which plants are able to capture particulate matter 11 (PM) from the air (Beckett et al. 2000; Freer-Smith et al. 2005; Kardel et al., 2011; Blanusa 12 et al., 2015) . As such, the choice of street tree impacts on the potential to remove particle-13 based pollution along roadways. Particulate matter emitted from diesel engines is a specific 14 health concern; with PM <10 μm dia. (PM10) able to enter human airways, PM <2.5 μm 15 (PM2.5) accessing pulmonary air sacs and PM <0.1 μm entering the blood system. In a study 16 evaluating the pollution capture potential of Italian street trees, it was evident that Tilia 17 cordata and Platanus ×hispanica were the favoured choice for capturing particles <10 μm, 18 whereas Quercus cerris and Quercus ilex were more effective at capturing PM >10 μm 19 (Blanusa et al. 2015) . UK studies also differentiated species effects with Pinus nigra var. 20 maritima and Sorbus aria being superior to other trees for trapping PM >10 μm, with Pinus 21 also effective at accumulating PM <10 μm (Beckett et al., 2000) . Speak et al. (2012) found 22 that grasses (Agrostis stolonifera and Festuca rubra) were more effective at PM <10 μm The value of plants in providing therapeutic landscapes has been under intensive study for the 17 last two decades (e.g. Tzoulas et al., 2007; Sandifer et al., 2015) . The key attributes of green 18 space in this context is an ability to alleviate stress in humans (attention restoration) (Kaplan, Whether this sort of visual preference actually translates into a health benefit remains to be 16 determined.
17
Noise is considered a stress-inducing factor, and plants are used to absorb, diffuse and analyses associated re-greening with consistent reductions in gun assaults across the four 21 different sections of the city studied (P < 0.001) and consistent reductions in vandalism in 22 one of these sections (P < 0.001). The extent to which these positive responses are linked to 23 more / better quality vegetation per se or simply to a perception that the sites were more 24 effectively managed is difficult to prove. The fact that residents also reported less stress around the re-vegetated plots, however, may indicate there was at least some restorative 1 effect being activated. Increasing tree cover has also been linked with reductions in robbery, rate has a positive influence on both the cooling service and the ability to recharge the water 10 holding capacity of the substrate (Fig. 7) .
11
Identifying single functional traits that have potential to provide multiple services has 12 been an objective in other ecosystem management approaches (e.g. de Bello et al., 2010) . In cuisine and a source of essential oils (Carrubba et al., 2014) ].
20
Other studies show too that certain species are better than others in promoting 21 multiple services. In woodland systems for example, both Picea and Betula forests increase 22 timber resources, dead wood occurrence (important habitat provision) and soil carbon 23 accumulation compared to woodland stands of alternative species (Gamfeldt et al., 2013) .
24
Pinus on the other hand has less influence on soil carbon, but provides timber, deadwood and a more open canopy that promotes Vaccinium groundcover; the berries of which are used as a 1 local food source by both humans and wildlife. So different woodland types may offer 2 multiple services, but also a different suite of services based on the community composition 3 (Isbell et al., 2011) ; an important point to consider when designing plant communities in the 4 urban landscape. (and in some circumstances, e.g. urban nature reserve, the geographic origin of the plants).
13
This paper highlights though, that genotype selection can make a radical difference to level of 14 ES delivery, and further research is required to help populate a more comprehensive data 15 base relating plant selection to key benefit/s. This will allow practitioners to select 16 appropriate genotypes to meet specific situations and scenarios. This will inevitably involve 17 developing inventories, and allied publications to disseminate information and advice to end 18 users. In very practical terms, it would be useful to see this new information added to the 19 labels of commercially retailed plants, such that these not only state the plants aesthetic 20 qualities e.g. 'good autumn colour', but also add information around their service provision 21 e.g. 'helps cool the patio' or 'improves wall insulation'. To date, this service provision has 22 only been documented with respect to wildlife conservation value ('fruit attracts birds',
23
'perfect for pollinators' etc.), but this should go further. At a more strategic level, information 24 on 'model' functional plant communities and case studies of where these have been put into practice should be made available to policy makers and other stakeholders. As outlined 1 above, many policy makers now understand the 'whys' for GI, but focus now needs to shift to 2 the 'hows' and 'wheres' to help ensure effective implementation.
3
Plants that optimise ES provision need to be embedded into the urban fabric more 4 effectively. This means providing them with the appropriate space and necessary resources. dealing with these issues effectively, increasing attention is already being paid to ensuring 24 greater plant longevity, at least from the more technically-advanced landscape companies.
For example, many street trees are now planted into 'structured' soilswhere the aggregate 1 is designed to withstand compaction and remain well-aerated over time (Buhler et al., 2007) .
2 Likewise, better integrated approaches to urban design exploit rainfall run-off and recycled 3 waste water more effectively, thereby meeting plants irrigation requirements; the more 4 sophisticated systems being automated to save on human labour too. The encouraging aspect 5 here is, as the cost-benefit analyses moves in favour of the benefits (i.e. society fully 6 understands the value of the plantings) then higher costs can be, and often are, justified. communities. This may not just be solely due to financial constraints on local authorities, but 8 also the fact that some of the service delivery (e.g. health and well-being) depends on citizens 9 taking a more active role within, and indeed actively advocating for, their greenspaces.
10
Detailed information is required before an individual genotype can be fully assessed 11 for its functional merits. This limits the number of species/cultivars that can be evaluated 12 within a given time and could lead to a situation where only a small proportion of the useful 13 plant genotypes are identified and actively endorsed for their ES provision, at least initially. after that aligned to commercial food production. 
